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This study develops Thailand Wildfire Prevention Decision Support System
(ThaiwDSS) to assist fire managers in wildfire spread prevention. The main
challenges when the authorities face actual wildfire incidents are wildfire spread
prediction, damage assessment, and community protection strategies. Our
proposed system tackles those by simulating wildfire spread areas and detecting
residential areas for damage assessment and allowing the users to provide
firebreak planning that potentially controls burning areas. In particular, the user can
estimate damaged area with the buildings from simulating different types of
firebreak in strategic planning. Based on the two case studies from actual past
incidents in Thailand, the system usability was tested, and the wildfire spread
simulation model performance was evaluated. The results show that the system
efficiently supported various firebreak locations by simulating corresponding
affected areas properly, assisting the decision-making during wildfire prevention
planning. With the limited input data, the building detection and wildfire spread
simulation models performed approximately 80% accuracy in detecting buildings
and predicting burned areas. The model simulation can be improved when more
data features are available. With this system, the authorities can manage resources

and perform prevention measures more efficiently.
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U

dNBR = NBR, — NBR; (2.2)

ToerdunanesenInesuiuamnisening  (Normalized Burn Ratio) maﬁagamwﬁauLﬁmLawéTﬂWih

AUAISU  @uNsaAUIMleaINaNNISA 2.3 Al



NIR-SWIR

lng NIR Fedoyanimdrniuuadnddunsisa (Near Infrared) uway SWIR Aedeyanmdniu
ANINENIAGUEY (Short-wave Infrared) Y89 NENEINATITEN N1TTEYATINTULSIVOINTIN LN

U191 United States Geological Survey (USGS) [12] wanslumseit 1

FEAUAINTULTIVBIN SR gl 42971 dNBR
(Severity Level)

Enhanced Regrowth, high -0.500 919 -0.251
Enhanced Regrowth, low -0.250 99 -0.101
Unburned -0.100 913 +0.99
Low Severity +0.100 £19 +0.269
Moderate-low Severity +0.270 819 +0.439
Moderate-high Severity +0.440 §3 +0.659
High Severity +0.660 619 +1.300

9759991 1 S2AUMIINTUUTIVEIN IR ININ

Joyavudn (nput data) liuA awdngatnariiieudeuuasvaungnisallvidn Tngldnmlugag

AdY NIR 4ag SWIR WipthunAmuimunIsn 2.3 Haawsibevaaisansnninlumuiamiunsn 2.2
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nadnsTilsanduteyasanes (raster) iszyrnail dNBR Tuwsazgnn1n (pixel) Wod198991na15197 1
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FBsUszdiuldnsdSeuiieudsiiunssnisdeyanuimilnlddiilaannisiuinmeaunis
7 22 fudeyanisvinenisanaty neilunslSeudlsunansiuneiuaddaiiazgnninesisaes

s1auma¥ (raster) [13] nadnslaRonouduunsng (confusion matrix) vasnnudululeausenisaail

v
o

HAUINTA (true positive: TP) Aogatuiinlni1ase wasyhunegndes

v
o

HauINUABY (false positive: FP) Aogatulsiifinlnia wivihuiedgninild alsignees

v
o

HAAUISY (true negative: TN) Aegatuliliinliin uagvihuegndes

v
o

HaauUaey (false negative: FN) Aogauiiiinlnyuass usvinnednlignunlug gdlignsias
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TP

Sentivity = —— (2.4)
Specificity = TNTEFP (2.5)
Precision = —— (2.6)

TP + FP
Accuracy = ——+ T8 (2.7)
TP + FP + TN + FN

aun1si 2.4 Aernala (Sensitivity) AodndiuseninswauInvinunggnaes degaiigniniivsinsman
aunns 2.5 AeAudunne (Specificity) Adnaiuseninmaauiiunegndes siegniiligninluginivae

aun157 2.6 AeAaLiies (Precision) AednduseninkauININuNggndas siagafiugdnRggninilugl

YIIUUA

aun1si 2.7 AeAnugnead (Accuracy) AadndIusENINNANSYIWETIgNADY siaNaN1TYITUNEiavun
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Tuanvinnsiseusiedn Suuudiaedaseeussamidisasnning uidiegrmilaignldlunig

¥ '
a

syyfiufiegordeninamatsanauiiewfiegln (U-Net) [13] Dulaswadslssamidienfioanuuulisu

foyanm uadlinadnstoyanimoonin wiaglfnmilssyhumisunsegndlunin nsssysumision

v
A o

Huadaflstuegifuyadoyaietns Tunsdidde dumisesudeuiiegonds gnasuansisfiamenis
vhaw TeeEuandeyanmudh whdeuatsgndnuseiisiduing 4 warruinvesnimazidsuly
wazgavagiivualvgiu Tasaiwesuuassivhlinmivuiadnasdeniteulaneei (Encoder)
Tuvasiirlanan$ (Decoder) mnefslassadanuuinaesiideyanmilualvgdu mavisuwuutiay
vilviiuusivsnzaniivildazdung fidfanierlflumsseyiumisesiudouludoyanmaiean
auiien devuuudassldnuaie shedeyasieiliildmnandeyadietns Amanieinavannsasey
truisauldgneies filasaiwesuuuiaesansaimusolulfinmnewuusnesdtosayidn
(AlouNet) [14] Aifunuudiaesiifigdn (U-Net) Wultugiu wilimswdsuasrsunsegdlildisado
(ResNet) Tudruasieuldnines (Encoder) laviisatiln (ResNet) Aslassainsvodlassneuszanmidion
wuumauligdu (Convolutional Neural Network: CNN) wuunisfiuuussduneuntsveuusdy

Nudeiasiuuudiaesdaydn (AlbuNet) uimwIsogandmsUNIsNTIEYEUgnasIsanaIwee9In

RPN

2.4 szuvaiuayunsiagula

szuvaiuayumsindulafeszuuTusunsunesiamesivimsians  Ussira  iauedoya
ieteligldrudsznouns 1wy dndulalunu ewdgaaunsalgming q Adududesdoya
Frunuinn meliminensuagimidntn weliussginguszasd szuvastaglunmsifiuniusy Ansie
wavUszaanatoya vieudinssilimssiaosaaunisalterainty  wiewrinisuuzdisnssuielvi

X

il egvesrusznaundnvesseuvaiuayunsanaula el

e nsdnifiuteya (Data storage)

o MTIATIEU LLaSUizmaNa‘ﬁ'ayua (Data analysis and processing)
e msvihuneuwiliuvesteya (Prediction)

®  MIMAMNIzARYeIdeYa (Optimization)

[ E‘iauﬂiza’mr}ﬂ%’mu (User interface)
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magasyuvativayun1sandula Al

o szuuTuKUdUNGIEdeyadfied (GPS route planning ) sruuiliaunuduniiiiafan
VIRduNgasEnINaauls  Toyaiifiettaatu  ToyadnIneNTITHUULIAIAT (Real-time)
Alduansaldsruuilierndulanaunuduninisidumsls

®  STUUATUAYLIIUNTNYAT szuviidiglinunsnmsinduladeniiamanigalunisnnauau
M3NEAS W Lalafgalunmszlgn nstgedu msiuie Jusiu

| aa o = aa o 1% &, v
o syuutieitadelsafanmnsaunndlunsidadelse ndeyauazarululylauinin

® szuuAmUANINALIULTALTY

[

dusudpanlviniianudssiaziiananssnuiaunedin - 8uneasy  A15IRUNURTYAElWn
Weadesiutoyauning ssuvativayumsindy wYiesiusin Ussinana e nieunsdiaus
wwiliduvesdy waviuiuwuiionalasunansenuuigldny viliausadadulalunisnusndoymela
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= awv a4 v
UNN 3 UYNLNYIVDY

unilaznandsnddennetedunaneau toun svuvatduayunisdndulalunisdnnisdesniu
W1 wuudaemsyhwemsanauveditn  nsseudgnadisninamaieannaaiien  wagns

U

UsgiliumansgnuannmsanatuvestiUiseiuiigusu

3.1 MudTEaussuuatuayunsdedulalunisdanisdesiulnil
Tunaneusemaldfinsimunszuuitendomanisallit ssduszneundniinnszuuiivioudu
fiog 4 Usens [15] Wi nmsdanistoyanisnfienans mavihunenisgnanmeditn nsuansiuilides
feannlidn wazlusuunsudmsugldnu laessuuluwsiagysemeenadianuuwandsiuluneasiden Tu
avsgeuinmilszuuduidagiovieaiea (WFDSS) fignitannaniitetaslunisiiasissianiumsalliiin nns
TNUWHWRTYMANITO! 4azN1351891 BsRUsENoULINABMIUIEN1INgAnssuvedlil laun Anue
Walw (Flame length), dasuiinisgnauaestnii (Rate of spread) wuudiasslwisausen (Crown fire
activity) 1w deyathidriugldud deyaanwerma doyaviendenans seuviinisUssdiuea
nsznuanlllumansugmansreninenssssumi Tasadeiugn dusennie Usedunanseny
sedesilote Rapid Assessment of Values at Risk (RAVAR) wnesiletiazthiauesumis thudeunde
Agnadaddiionldsunanszmudauanlit  uastelideyaatuayunmsnaunuianisnou
dostulrlnuggnia wagmsnausumsivln Taserdedeyaiidaivlaomienuuessy waznmeiems

1Y

g1mAnsaliiveya

Tuwaumszuudievionidened  (CFFDRS)  LHussuuussifiuanuidesioanluinluussime
wAuInn szuuiiiissuugesassdiy TduA Canadian Forest Fire Weather Index System (FWI) uag
Canadian Forest Fire Behavior Prediction Systern (FBP) Tudauusnifunisuszdfiunnundssiiasiinl
ﬂﬂuﬁuﬁmﬂsﬁagaamwmmm Joyanagienans uanwadnsluguaviinusuussvedlil (Fire weather
index:  FWI)  Tudhuilseaduduvesnmsiaemniinssuvedivu  Reafussuufubagionieaes
(WFDSS) seanlassnsiniliiga (Prometheus) [16] adulusunsudasswginssuvedlwtriiamision

NTEUU FBP

syuudieviowlolod (European Forest Fire Information System: EFFIS) [17] Jusyuud
asauAgy N1sdhseds msnaukueseunsdesiude  wasnisUsuliunansgnuainiiitn Tuiiuiglsy
Uihamelawdwesislley  axfusenans uazweinuvile nsUsmdiuanudssnnliildiviany

U39l (Fire weather index: FWI) wuiienfiusyuu@ievlienfieniea (CFFDRS) n1suanignauiousie

o

N nsUszliuaudeny Wity

o

Unauessuudmiulsemelneativauunisdaaulaluns

Ianstaeiulnn
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ynszuulaninisviauimileudunateusenislaun nmsviunenisqnatuvedindl msuims

Jamsteya MInsfulniidedeyaganinuiouainaruiiey wiluszuuduidagiendioaea (WFDSS)

¥ '
& A

finsianniudsludunisssyiufiey  aouiddyiagldsuanudons  wiewiansUssidiung
nszvumaATwgie  egdlsinusnsildremsliteyaidaiulnemhenuvessy  eerafiaanili
vuatevestoya uaglianunsiBnstuuiulflulsamalneld dwsuludsemelne Sssuuuansgn
audouandeyanmaieananifion wwdeatussuudy o wivssmalnedslifinsimunssuuiionns
widgyunnshidn Selifinisiannuuudaesmaananuveddmiuiuiilussmelne esmnnisiiaes
nsgnatuvesliiildlussuudu 1#sunseonuuusniieldeudmiviiuilluansgousniduneanden

sgnanddwidedald  uenanldvldfinsimuszuunsvihnenisanatuvesiiiinmsussdivanny

demesaUssynyulasyuvy

3.2 MUATEAIULUUTIAR9NITANATNYRI WA
TumAdefinisdassdarmananmesiniiaulafeluinfiu  (Suface fire) TWsunsumiles
(FARSITE) 1Julusunsudrassmsgnanuvadiitn Ingldaunisdnasnsnisanauveddivesselsoa
(Rothermel)  Tusvuuduidagievifoatea  (WFDSS)  msdnaesnisanaiuveslldlusunsuienioalus
(FsPro) [18] Wunvudaesnsanaedinfluaesdii uazuansnnioududiliazanansndingusiasqaly
wuil ieatfuayunisindule usentealus (FSPro) fdedainlunisvineluanumsaliifinsdula fe
msdraesmsanauvedliiiosdusznevdesdiufie  nsmwadnsilumsanamvedlitn  wavnis
davuduveuinnisanaiy (Fire perimeter) 91nlUsunsudtaemginssuvedlndngts aunisnisanany

Yodlnvassasaia (Rothermel) Wuaunsnlasuniseausukazldnuwnivate Inglasuniseanuuuuy

¥
A a

fugunguiiedivanyaeninieninesnsanaiuveditn  waENIIMARDINANIIANATNYDITBINGS

glasne 9 WunisdassdrsimsgranuvesiilasfiiugiuanuAnainnszuaunisunlvdvesdomas

v ¥

Swiunshndvisnanan Anuty Foyaiisnildun anudaau fimnsau ATty dnunizvaatoinds
drudfgvaauuinaesde %’a;&mmmﬁ’waam%al,waq Fudunsnusmmeduls  9nnsvaassanity
paerlisluiiufianigensn  ielfaunsaduimmimwesnisgnammilousianniign  age
insguiilddnisdavialfisu 13 Anderson Fire Behavior Fuel Models [19] siosnaemdsldfunissie

goalu 40 wiinleg [20] lneludeyadmiudemaduansgansn waghifinisdnideyaunsgiu

v
=1

dwsulsemelng  wenandnsinsanatuvedtilua  Wethluldnussdndaiinaulafieiuiiniaglasu
Hansenu - andeyadasinsananmvednluiiuinisiiaesiiunigldsunansenulaenisiiaeaduseus

w93l (Fire perimeters) MenanNN1INTLAINAIVRIAAUYRIEBEINUG (Huygens principle) UULUANTT
ananuvedlraniiunfigninlnduds ludgiunndailagnlug IneldsunsSdaesduseuiadni es

o

nnszvunsiwIntulidudou [21] dmduainideildinisdasinisanamvediielsunsuniad
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¥

latea (GRASS GIS) LHaNINugILININaUNIINITANaINTaslFIEaNN1SVedTaIsaLa (Rothermel) 9

Wudweusukazinisidauwnsvatsluvalsssuu

3.3 MUTLAIUNTTEURUgNETIINAME1BIINA1TIEY

o A

doyavanfeninaienionNAkazamaeINaTIedlugALsN BN TsEYFUgnasidddnisuen

' . I3 A | A& oa 1 oA g i v aa X a
nauvesann (pixel) Wuaeanguie nquililudwgnasiuasnduililledalgnasie Fen1stagiiansan
weganmusiazgn  nefiliaulaanmiieden  ibiAadedndafiganimuisgedunaidnunnninianas

o w o 1Y

1N ewindediall  lin1siudaneIiNyinaulagNSHANTINGUTDRANIN - WNUTIRERaITa

wnmitazgn wWBnstsituuiissliansossyrouvesinglfududt osnndoyailiveyluusay
wnmAsdeyarutuvesnauimanlnitilutasedusis q fazvieussninainan usdsugnaiiauns
¥ty ndsenfinerms uaznuumeunin o1whananTanlafeiiu vilvideyaluganmdiiusned
Tn&iAestu warognidilaidutanwimfertu shlvisanesfusindlannsousnamunnsdldin

o

[22] TulagtuninsldnsiSeusidn (Deep Leaming) lasuauilssnusvananadeyanin i n1s

'
o o a

ay19dudagnadne (Building detection) Fudunsns19duTng (Object detection) lnefiingiiaulailu

(] (]

dwgnasie 23] Tunsseydslgnastsanameangannaniifieniyateys  fianansadmnldian
wuud1aes (model) wuudraesiiidusnasgiulutagiu laun e (fully convolutional network:
FCN), wawdn (SegNet) [24], guila (U-net) FBnstiauisaliinnuudugunnndidsmsaudu iesainnns

o
o

Timadeudandeyadu mendediimafelusuiudosinstmunngiidamuiususnlunisszydaign
a%e wiBmsteedvssavinmganiiBnssufy wilmsiifyesoufiofesnistoyasetisiuaunn
wazfsdiarunannvans dmivamafeilduuudiiaesedn U-Net dsunsiaulasaidnenauny
drueulannes (Encoden) sasaiin (ResNet) léaindayun (AlbuNet) dwsumsiannnisszuas

Uqﬂa%ﬁa (Building segmentation) dusuuseindlng

3.4 ewATedunsUssifiunanssnurasnisgnanuvadlntvieitufiguy
TusruvatuayumsudyimgindnsUssduamudemefiagiatuaniilagldaenug
(Bayesian Network) [25] fumsussdiuemudemeaninihfizidedutuden tnefllaswadwes
ietnevasnuazidunuuiiteuly (Conditional Probability) annANuduRLSTuvANasEIsToYa
Adutadovesliin  uazthuiZeu LﬁaﬁwmmmmLﬁam‘ﬁma%Lﬁmﬁﬁuﬁuﬁuﬁﬁqmu ABnnsil
Usndiuanudemefiazifniulnesidmuduiussenisdayannatouwas wadlvednfinfens

AUIUNT UL DY



13

¥
'

MAFBRgIUMITRLINIUssdudunsiganmsanauvedlidisenufigusy  Weatuayu

nsnasukazuleueiienslesiunansenuaniwddginuigusuinlainsUsediunansenu l

o

ANwEAY  [26] AnuidevasnundaimnnisussdiunansenuildamiuiunluvaneUseme  [27-29]
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HANTENUTULIY  WAANYneiauinfieagssyumuimesiuiguauainangrganaiiiexldeddls
MATeldnsBeuiveunIadunIsTsyNURTIUINAMA1BINAITEY  SIuiuteyadinlammuanin

¥
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UNA 4 BUAALAZITNISANTUIY

FouINALNANDMUIAALALITATAMAUNY  Tuuksardiy lawn TASIas19vedssuy NS

v

aensgnaimvediitn  nsssuiuiiguey  MsUssliunanseuneiiuigusy n1sUssliuNanseny

a991NN5UBINUY NSENUTEUURIRAY kagnsHauseuulnedauy

4.1 TA598519%8953UU

lassadalaesanvesszuuuandtunmil 1 luduwsnidudeyavdhvessyuuldun unidnw

Toyagaanueuvsemumintliinindu Jeyaanineinie livsving deyauuuinaeeinads Jeym
wanfissuvtiaueniskitagm aud nsdiaeanisanaiuvednlln nsseynuiusy Hadwsaniisaes

3

dnazgnindszdiunansenufiasiinduainnsanatuvedliisenuiigugy HaansTsENazily

Uszilluwansenusiuiunisiaesnistesiudy ieaduayunisdndulavesldinu

(Activefires) (Weather) (Elevation) (Open street map) (Fuel models)

L )

Wildfire spread prediction Community area

L J
M

Damage assessment
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4.2 M598I sanaINvaslnll
msiasansgnanuvestiidenlflusunsunailowa (GRASS GIS) Feiaununanuuudiansns
gnanumedliivessaisema (Rothermel) fildsumssansuuargldenilunatsssuy (15] Tnsamiafoilly
aumneveslitnde liiignawednadaszuuiniu Tsusimainniseiunu lihamnesliiazunain
sssuvfvieuyed ndewivilFssuuiiaulumitedeseunquisiiignanlu vielnfignanlu
D - &

fufnuasnssuild sadeilliaseunquinedindudu Wdeusen Tildau deyandndudeddliundoya

Y

RANNTEU Teyaanmaiuseing ToyaanImeInaLatoyawUUTIaauTBINES

4.2.1 Joyagnmnuieu

ToyanAuTeuaalaIAIBLTEY 19U ndesruTauuuniien e1mAsuliaudu vise
nsfiudeyaniaun fegnsuansiatoyagamufeuandunmi 2 uiiesndeyagaaimiou
Mnndesaudouuuanidien enafiauaaaedeu aendeutuentagldldliiniidudusse 019
Wuuvdsnnufeudury Tssnu ey wavanuazideaemanlusydu 1 mseilawas Geaglsl
aunsnvendusiidmauld fedfldmuannaldtoyagaanutounnunaseyadu wieszydeyaios
Tngluszuuiiiiaueilildnsourqunsldindsdayanamiou witiaueteyagannudousnaniito
wuandluidosiu IﬂﬂL‘fJu%’aiﬂamﬂLW%M (Fire Information for Resource Management System: FIRMS)
19309An T (NASA) [30] msdunulrithesenaaedinisgnaniluudalussdunis dedunisszydoyage

ANuTou 919TEYMIEINWES (Vector) Yesiuifgnirn iU wazyihnmsviweiunfiazduuwiliugn

wbngisiald

i 2 deenteyagnniiusou
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4.2.2 YaYadanNINeINA

Foyaaamermeisnduldun AILSIAY GVREH Tnofiszuuazihdeyaan
www.worldweatheronline.com [30] usifeyaanineinidetaiinsivdsuntadldnasainar wazanni
anfeninedivhnmsinanimenioraiiteyafiunnssananuiidielity  dafudldeuansassyse

wilvdayaanmenielinindeanis

4.2.3 Yayaan ngiusine

anmanuganveniustmaiinadensqnanesliln  wuiieafuanmeona  usdanings
Uszmelifimsivasundasiesisuidnaiuanwennia  szuuiiauslideyauvuiiaesseiugadaas
(Digital Elevation Model: DEM) H1upifiaigssieuiu (Google Earth Engine: GEE) [31] Anwasiden 1

215AIUY 938 30 wWns tneUsyana

4.2.4 YoyauuuanuTeLnga
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oy wod 1ingn 6
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UAYNT 0
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q

Input area of interest

v

Input data

1) weather data
2) active data
3) DEM

4) Fuel model
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| Wildfire spread prediction and

Building detection

Include existing or
Damage assessment ) . &
simulate new firebreaks

COutput daia
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4.7 NIAAUITEUY

TunsimuszuuiUsnuesnduassdin laun nsimulusunsudmuszadugldnu  (User
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Ignusuniansunsanesy (Google Cloud Platform)
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TupukINtuNTTRLILSIAUIINASeRNKUUlAT S IeE U sEanuiug g ilglunig
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WaunlugiullAoannnaasus (Javascript) n1suanswaliuily “Leafletjs”a1n www.leafletjs.com [30]

FaduarnansualausTuuulomusasadinsunI WL ke UNSATULHUT

4.7.2 msdnasansanauvasinin wagnmsussiliunanseny
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WimaﬁULﬁagaLaaLaﬁ (Thai Wildfire Prevention Decision Support System:

ThaiWwDSS)
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Nufidnw 1 2
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Open-source software Copyright License Description
GRASS GIS 1999-2020 GRASS GPL

Development Team
Automated-building-detection 2020, Jacopo Margutti MIT
on www.github.com
Leaflet 2010-2022, Vladimir BSD 2-Clause

Agafonkin

2010-2011, CloudMade
geemap 2020-2021, Qiusheng Wu MIT
Google Earth Engine Free for

noncommercial use

Axios 2014-present Matt MIT

Zabriskie & Collaborators
Material-ui (MUI) 2014, Call-Em-All MIT
React Facebook, Inc. and its MIT

affiliates.
Numpy 2005-2022, Numpy BSD 3-clause

Developers
Pandas 2008-2011, AQR Capital BSD 3-clause

Management, LLC,

Lambda Foundry, Inc.

and PyData Development

Team All rights reserved.
OpenStreetMap OpenStreetMap Open Data Commons

Open Database License
(ODbL)

Bing Maps 2022 Microsoft Developer License Free for

Corporation

noncommercial use
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